Introduction
Vertical and oblique HF sounders have proved to be particularly relevant for ionospheric studies. In the past, until the 1970s, most of sounding techniques were based on the transmission of high power pulses as it was the case for the US C-4 sounder, the Australian IPS-sounders and the Cossor system in Canada. Coded signals and frequency modulated waveforms were later introduced in order to save power while keeping acceptable range resolution (Wright and Pitteway, 1982; Bibl and Reinisch, 1978; Barry, 1971) .
The ionospheric oblique/vertical sounder described in the paper use M-PSK coded waveforms, associated with specific digital signal processing techniques, which permits accurate measurements of the HF channel to be performed while using low transmitted power levels. It is the most recent version of systems that have been operated since the beginning of the 1980s, over various links (Le Roux et al., 1984; Le Roux et al. 1987) , Depending on options, the SCIPION sounder can perform the following measurements:
Control unit. A Pentium PC provides control of the sounder operations, display of the results and data storage. Plug-in cards are added to the PC to permit control and synchronization of the sounder units and to provide the necessary signal processing capabilities.
As an option to the bistatic version, modems can be used for remote maintenance and/or control through telephone lines. In this case, the whole operating modes are controlled from one site (e.g. the Rx site).
The synchronization of the Tx and Rx units is provided by a plug-in card associated with a Global Positioning System (GPS) receiver. This permits the system to be operated everywhere in the world.
A signal-processing card provides digitization and processing of the analog signals from the Rx unit.
An MS-WINDOWS based graphical interface with mouse and on-line help in provided to visualize the data. Capabilities exist to visualize measurements either in realtime or in the form of animations for stored data.
Virtually any mass storage unit compatible with the PC can be used to store the data. Presently, an external 1 GByte disk unit permits the recording of several months of data in routine operations (4 ionograms per hour).
Antennas. Aerials must be broad bandwidth (1.5 to 30 MHz) and have a radiation pattern appropriate to the current option (oblique or vertical). For vertical or quasi-vertical systems, DELTA type antennas are appropriate for both transmission and reception. Two cross-polarized antennas can be used at reception to perform O/X mode separation. For oblique systems, inverted-V are appropriate at both the transmitter and receiver sites. Loop antennas can also be particularly convenient as receiver antennas.
Operating modes and data display
The operating modes are the following: -Sweep or fixed frequency. -Frequency scanning according to a selected program. 
Examples of experimental results

Vertical ionograms and oblique extrapolations
Figures 2 shows an ionogram measured with a prototype of the SCIPION sounder, in Dakar. For this ionogram, the frequency sweep duration was 100 s, whereas the frequency step was 100 kHz. The relative amplitudes of the echoes are indicated by colors. It can be noticed that significant spread-F appears on the ionogram. This is a typical feature of the equatorial ionosphere which is known to severely affect HF transmissions in these areas. On the upper part of figure 2, the vertical ionogram which is shown presents both frequency and range spreading. The interpretation of these features is still a matter of discussion (Wright et al., 1996 , Lauer et al., 1996 . In our example, echoes resulting from total reflection are still visible with a characteristic curvature of the range versus frequency pattern in the vicinity of the critical frequency at 8.4 MHz. Examination of the scattering function (upper part of figure 2) may cast some light on the origin of the phenomena. This scattering function, shown here for 4.7 MHz, is clearly winglike shaped in the delay-Doppler frame. This indicates a quasi-uniformly horizontal moving structured plasma as described by Nickisch, 1992 by means of a phase screen diffraction method. In our example, the observed range spreading is clearly the result of echoes from multiple scatterers located within the antenna lobe. The impact of such phenomena on digital communication systems needs to be further studied and carefully modeled.
Figures 2 also shows an oblique ionogram synthesized from vertical incidence data by using the shell-like assumption (Davies, 1965) . Such results can be used to monitor ionospheric conditions for radio paths in the vicinity of the sounder.
Noise level measurements at each sounding frequency are displayed at the bottom of the ionograms. The noise spectrum in the frequency band ±4.5 kHz with a 600 Hz resolution is visible at the bottom of the scattering function display. Figure 3a shows the time evolutions of the group delays measured at a fixed frequency over a sub-equatorial path between Abidjan and Dakar. Figure 3b shows a set of consecutive scattering functions corresponding to the same experiment. Each scattering function is integrated over an 11 s time period, resulting in a frequency resolution of about 0.09 Hz. A very typical spread of the group delays can be seen on this figure. The fine range-Doppler structure is visible on the sequence of scattering func- 
Oblique HF channel analysis
Conclusion
We have briefly described in this paper the new CNET SCIPION sounder. It is a new state of the art digital sounder that has been developed for ionospheric monitoring and research at both vertical and oblique incidences. A SCIP-ION system is in the process of being installed in Dakar, Senegal, to study HF propagation in the sub-equatorial ionosphere. However, a prototype version of the sounder has yet been operated there on November 96 and January 97. Some results from these experiments have been shown here. These results indicate clearly that SCIPION permits accurate measurements of the HF channel to be performed while using low transmitted power. It therefore appears that SCIPION is a very well suited tool for studying the HF channel, in particular at sub-equatorial latitudes where severe propagation conditions are to be found.
